Background: Gladiolus dalenii Van Geel (Iridaceae) has been used for the treatment of depression and psychotic disorders in African traditional medicine. The aim of this study was to assess the effect of the aqueous extract from the corm of Gladiolus dalenii and its possible mechanisms of action.
Introduction
Depression is the most common mood and psychiatric disorder and the fourth leading cause of disability worldwide (Murray and Lopez, 1996; Bromet et al., 2011) . Depression would affect over 120 million people, and according to a recent epidemiological survey, its lifetime prevalence would be 10% to 15% of people (Lépine and Briley, 2011) . This disorder, which negatively affects the quality of life and productivity of people affected, is expected to become the major causative agent of disease by 2030 (WHO 2004; Lépine and Briley, 2011) . Depression is frequently chronic and unresponsive to drug treatment, and not surprisingly, has been associated with heavy economic costs. Various studies have revealed that on an annual basis health costs related to that disorder exceed 105 billion euros (Andlin-Sobocki & H. U. Wittchen, 2005; Woode et al., 2009 ). It appears, therefore, that more effective and cheaper drugs are needed, especially for low-income countries.
Gladiolus dalenii Van Geel (Iridaceae), also known as "Mantsap Letoupuh" (wild onion) in the Babadjou language (local language in the western region of Cameroon), is a robust herb that grows virtually everywhere in the grasslands, savannas and woodlands of sub-Saharan and southern Africa (Burkill, 1985) . G. dalenii grows from a woody corm (2.5-3.5 cm diameter) covered by a coriaceous tunics fragmented irregularly. The corm is used in African traditional medicine to treat a wide range of conditions, including headaches, epilepsy, convulsions, intestinal spasms, venomous stings and bites, arthritis nasopharyngeal affections and diarrhoea (Burkill, 1985; Hutchings & Van Staden, 1994; Bandeira et al., 2001 ). In Cameroon, aqueous macerates of G. dalenii corms are used to treat epilepsy, depression, but also schizophrenia and other psychotic disorders.
Early studies have revealed the presence of alkaloids in Gladiolus spp. (Burkill, 1985) , and G. dalenii corm crude extract was reported antifungal activity (Odhiambo et al., 2010) . However, to our knowledge no scientific evidence for the neuropharmacological properties of G. dalenii has been reported to date. The present study, aimed at addressing this question, investigated the effect of G. dalenii corm aqueous macerate on two experimental models of depression, namely the forced swimming test (FST) and the tail suspension test (TST) (Porsolt et al., 1977; Steru et al., 1985; Cryan et al., 2005) . The possible mechanisms of action of this extract were also investigated.
Material and methods

Plant Material and Preparation of Extracts
The corms of Gladiolus dalenii used in this study were harvested during the dry season (December 2009) from Babadjou (West Cameroon). Voucher specimen N°25742/SRF/Cam has been deposited at the Yaoundé Herbarium. The corms were selected and crushed at room temperature. The paste (100 g) was macerated in 100 ml of distilled water for 5 h. The supernatant (macerate) was then collected and filtered with a Wattman N°1 filter paper. After filtration, water was evaporated in a dry oven at 35°C, and 15 g of a brown solid extract was obtained. The yield of the extraction was 0.15%. The aqueous macerate from the corm of G. dalenii (GD) was prepared and then administered orally to mice 24, 6 and 1 h before each pharmacological test. After screening according to advice from the traditional healer, the following doses were used: 7.5, 15, 30, 75 and 150 mg/kg.
Drugs and Treatments
The following drugs were used as standards in the study: imipramine (5, 10 and 30 mg/kg, Sigma, St. Louis, USA), fluoxetine (5, 10 mg/kg, Sigma, St. Louis, USA ), caffeine (CAF, 7.5 mg/kg, Sigma, St.Louis, USA ), diazepam (DZP, 1 and 3 mg/kg, Roche), N-methyl-Daspartate (NMDA, 75 mg/kg, Sigma, St. Louis, USA ), D-2-amino-7-phosphonoheptanoate (D-AP7, 50, 100 and 200 mg/kg, Sigma, St. Louis, USA). All drugs were dissolved in distilled water and administered 24, 6 and 1 h before the test by intraperitoneal (i.p.) route in a constant volume of 10 ml/kg body weight, except for G. dalenii and the vehicle (distilled water) which were given by oral route. The control group (CON) received distilled water.
Possible interactions between G. dalenii and NMDA receptors were assessed through the FST according to Sousa et al., (2004) ; Poleszark et al., (2007) , and Skolnick et al., (1991) . Three separate sets of experiments were performed. In the first set, the aqueous macerate of G. dalenii (7.5 mg/kg), D-AP7 (50, 100 and 200mg/kg) were given alone and the aqueous macerate of G. dalenii (7.5 mg/kg) was coadministered with D-AP7 (50 mg/kg). In the second set, the aqueous macerate of G. dalenii (15 and 150 mg/kg) and D-AP7 (200 mg/kg) were given alone, and then co-administered with NMDA (75 mg/kg). In the third set, fluoxetine a selective inhibitor of the recapture of serotonine (5 and 10 mg/kg) and/or (imipramine) an inhibitor of the recapture of serotonin and noradrenaline (5 and 10 mg/kg) were given alone and then coadministered with the aqueous macerate of G. dalenii (7.5 mg/kg).
Animals
Adult male mice, Mus musculus Swiss, 23 ± 2 g and 2 months old, were obtained from the animal laboratory of the University of Ngaoundéré. Animals were housed in standard cages at 25°C, in a 12 h light cycle with food and water freely available. Animals were transported from the housing room to the testing area in their own cages and allowed to adapt to the new environment for 72 hours before testing. For the test, the animals were divided into 6, 8, 9, 10 and 12 groups with 6 animals per group depending on the test. The study was conducted in accordance with the Cameroon National Ethics Committee (Reg. No. FWA-IRB00001954) and in accordance with the NIH Guide for the Care and Use of Laboratory Animals. All efforts were made to minimise animal suffering and to reduce the number of animals used in the experiments.
Qualitative phytochemical screening test
The tests were done to find the presence of the active chemical constituents such as alkaloids, flavonoids, saponins, anthraquinons, polyphenols and tannin by the methods described in Odebeyi & Sofowora and Jigna et al. (Odebiyi & Sofowora, 1978; Jigna et al., 2007) .
Alkaloids
To the 2 ml of aqueous macerate of G. dalenii, 10 ml of 2% H 2 SO 4 was added. The solution was mixed for 2 min and filtered. Next, 5 drops of Mayors reagents were added to 1 ml of the previous solution. Formation of white precipitate indicated the presence of alkaloids (Odebiyi & Sofowora, 1978) .
Flavonoids
To 2 ml of the aqueous macerate of G. dalenii, a few drops of concentrated HCl were added followed by 0.5 g of zinc or magnesium turnings. After 3 minutes, a colour change to magenta red or pink indicated the presence of flavonoids (Jigna et al., 2007) .
Saponins
Aqueous macerate of G. dalenii 2 ml was subjected to a frothing test. Briefly, a test tube containing 2ml of aqueous macerate of G. dalenii was shaken vigorously for 1-2 minutes. The presence of saponins was indicated by a characteristic honeycomb froth forming ≥1 cm in height, which persisted for 30 min (Odebiyi & Sofowora, 1978) .
Tanins
To 0.5 ml of aqueous macerate of G. dalenii, 5 ml of 1.5% DMSO was added. The solution was warmed in a water bath at 70°C for 3 min and filtered. To 3 ml of the filtrate, 2 ml of 3% ferric chloride solution was added. Blue colour was observed for gallic tannins and green black for catecholic tannins (Odebiyi & Sofowora, 1978) .
PolyPhenols
To 2 ml of aqueous macerate of G. dalenii, 5 ml of 1.5% DMSO was added and warmed in a water bath at 37-40°C for 15 min. The solution was filtered and 3 drops of 5% K 3 F(CN) 6 were added to the filtrate. Purple colour indicated the presence of polyphenols (Odebiyi & Sofowora, 1978) .
Anthraquinones
To 2 ml of aqueous macerate of G. dalenii, 5 ml of ether was added. Next, 5 ml of ammonia was added and the mixture was shaken vigorously. Red or purple coloration indicated the presence of anthraquinones (Odebiyi & Sofowora, 1978) .
Forced swimming test (FST)
The FST is the most widely used pharmacological assay for assessing antidepressant activity. The test was carried out as described in Herrera-Ruiz et al. (2006) . Mice were placed individually into glass cylinders (height 25 cm, diameter 10 cm) containing 15 cm of water at 23 -25°C. Mice were left in the cylinder for 15 min to acclimatise and then removed. 24 h later, mice were placed in the cylinder for 6 min. The total duration of immobility was timed during the last 4 min of the 6 min test. The animal was judged to be immobile when it remained floating passively in the water, making only those movements necessary to keep its head above water.
Tail suspension test (TST)
The TST was performed as described by Steru et al. (1985) . One hour following administration of G. dalenii, mice were suspended by the tail on the edge of a shelf, 58 cm above a table top using an adhesive tape placed approximately 1 cm from the tip of the tail. The animal was suspended for a period of 6 min, and the duration of immobility was scored during the last 4 min of the 6 min test period. Mice were considered immobile only when they hung passively and were completely motionless (Steru et al., 1985) .
Exploratory activity in the open-field test (OFT)
The spontaneous locomotor and exploratory activities were assessed in an OFT as described previously by Rodrigues et al. (1996) . The apparatus consisted of a wooden square box (40 cm × 40 cm × 45 cm), with lines dividing the floor into 16 smaller squares of equal dimensions (10 cm × 10 cm). Each animal was placed individually at the centre of the apparatus and observed for 5 min to record the locomotor (number of segments crossed with all four paws) and exploratory activities (number of times rearing on the hind limbs) (Ngo Bum et al., 2009).
Statistical analysis
All data are presented as mean ± SEM per group. Comparisons between experimental and control groups were performed by one-way analysis of variance (ANOVA) followed by Newman Keuls test for post-hoc comparison when appropriate. P<0.05 was considered statistically significant.
Results
Phytochemical characterisation
The results of phytochemical tests indicate the presence of alkaloids, flavonoids, saponins, tannins, polyphenols, and the absence of phlobotanins and anthraquinons in G. dalenii (data not shown).
Effect of GD in the FST
The administration of GD (15, (Fig. 2) . Caffeine (7.5 mg/kg) also significantly reduced the immobility time by 48% [F (1, 9) = 144. 263, P<0.001].
Effect of co-administration of the aqueous macerate of G. dalenii with imipramine in the FST
Administration of mice with the aqueous macerate of G. dalenii (7.5 mg/kg) or imipramine (5 mg/kg) alone had no effect on immobility time [F (1, 9) = 2.471, P = 0.150 and F (1, 9) = 0.078, P= 0.796, respectively]. However, the aqueous macerate of G. dalenii (7.5 mg/kg) combined with imipramine (5 mg/kg) significantly reduced the negative control immobility time in FST by 30% (Fig. 3) . Imipramine (10 mg/kg) had significantly reduced the immobility time in mice by 53% relative to the negative control [F (1, 9) = 806.993, P< 0.001]. This effect was also observed following co-administration of the aqueous macerate of G. dalenii (7.5 mg/kg) with imipramine (5mg/kg) [F (1, 9) = 586.696, P<0.001]. The aqueous macerate of the aqueous macerate of G. dalenii (7.5 mg/kg) and, IMI (5 and 10 mg/kg) were administered 24, 6 and 1 h before the test. Note the significant decreases in immobility time following co-administration of the extract (7.5 mg/kg) with IMI (5 mg/kg). The values represent means ± SEM (n= 6 mice per group). ***p<0.001 when compared to the negative control group and c p<0.001 as compared to the aqueous macerate of G. dalenii (7.5 mg/kg) (one way ANOVA followed by Newman-Keuls test). IMI: imipramine.
Effect of co-administration of the aqueous macerate of G. dalenii with fluoxetine in the FST
Administration of mice with the aqueous macerate of G. dalenii (7.5 mg/kg) [F (1, 9) = 2.471, P = 0.150] or fluoxetine (5 kmg/kg) [F (1, 9) = 0.658, P = 0.438] alone had no effect on mouse immobility time during the FST. The co-administration of the aqueous macerate of G. dalenii (7.5 mg/kg) and fluoxetine (5 mg/kg) significantly reduced by 13 % the negative control immobility time in the FST (Fig. 4) . Likewise, mouse immobility time decreased from 56% after treatment with fluoxetine (10 mg/kg) alone [F (1, 9) = 366.688, P<0.0001] to 75% following co-treatment with the aqueous macerate of G. dalenii [F (1, 9) = 826. 535, P<0.001] compared to the negative control. (Fig. 5) . In contrast, there was a 27% reduction in mouse immobility time after co-administration of the aqueous macerate of G. dalenii (7.5 mg/kg) and D-AP7 (50 mg/kg) [F (1, 9) = 63.84, P< 0.001] compared to the negative control. D-AP7 administered alone only produced significant effects in mice at the doses of 100 and 200 mg/kg, which reduced the immobility time by 13% and 51% [F (1, 9) = 7.483, P< 0.023 and F (1, 9) = 162.44, P<0.001, respectively] compared to the negative control. p<0.01 as compared to the aqueous macerate of G. dalenii (7.5 mg/kg) (one way ANOVA followed by Newman-Keuls test). GD: the aqueous macerate of G. dalenii.
Effect of the aqueous macerate of G. dalenii and D-AP7 in presence of the NMDA on immobility time in FST
D-AP7 (200 mg/kg) (a competitive NMDA receptor antagonist) and the aqueous macerate of G. dalenii (15 mg/kg) significantly decreased the immobility time of mice by 45 and 77% (P< 0.001) respectively in the FST compared to the negative control. In contrast NMDA (75 mg/kg) (specific agonist of the NMDA receptor) had no effect on immobility time in mice when it was administered alone [F (1, 9) = 3.202, P = 0.107] (Fig. 6.) . However, the effect of NMDA was antagonised by 200 mg/kg of D-AP7 as indicated by a 30 % reduction in immobility time [F (1, 9) = 118.391, P< 0.001] relative to NMDA group. A similar antagonism was observed when NMDA (75 mg/kg) was co-administered with the aqueous macerate of G. dalenii (15 mg/kg), which significantly antagonised the effect of the NMDA by 62% [F (1, 9) = 364.594, P< 0.001] in FST. Effect of the aqueous macerate of G. dalenii, imipramine, fluoxetine, and NMDA ligands on mouse (open field test) The aqueous macerate of G. dalenii did not enhance the spontaneous locomotor (crossing) and exploratory (rearing) activities at doses which had strongly decreased the immobility time. Administration of mice with diazepam (1 mg/kg) or imipramine (10 mg/kg) also had no affect on either spontaneous locomotor (crossing) or exploratory (rearing) activities. However, administration of mice with diazepam (3 mg/kg), imipramine (30 mg/kg), fluoxetine (10 mg/kg) or D-AP7 (100 and 200 mg/kg) decreased the spontaneous locomotor activity relative to the negative control. Mice administered with caffeine (7.5 mg/kg) had significantly increased spontaneous locomotor activity [F (1, 9) = 53.450, P< 0.001] relative to the negative control (Table 1) . Neither the administration of the aqueous macerate of G. dalenii alone nor the administer of the aqueous macerate of G. dalenii together either with fluoxetine or imipramine significantly enhanced the spontaneous locomotor activity in mice relative to the negative control (Table 2) . Table 3 showed that neither treatment of mice with D-AP7 alone nor D-AP7 co-administered with the aqueous macerate of G. dalenii had any effect on the spontaneous locomotor activity in mice. Table 4 showed that NMDA treatment did not affect the spontaneous locomotor activity in mice, even when it was co-administered with D-AP7 or the aqueous macerate of G. dalenii. 72.1 ± 2.6*** 17.5 ± 2.3* The aqueous macerate of G. dalenii + fluoxetine 7.5 + 5 82.6 ± 2.4** 8 ± 2*** The aqueous macerate of G. dalenii + fluoxetine 7.5 + 10 69.3 ± 2.4*** 17.8 ± 1.2*** The aqueous macerate of G. dalenii, imipramine and fluoxetine were administrated 24, 6 and 1 hour before the test. The values represent means ± SEM (n= 6 mice per group). *p<0.05; **p<0.01; ***p<0.001 compare to the negative control group (one way ANOVA followed by NewmanKeuls test). 7.5 + 50 105.3 ± 3.7** 26 ± 3*** D-AP7 100 87.3 ± 3.1*** 24 ± 2.7*** D-AP7 200 84.6 ± 3.4*** 20.8 ± 2.1*** The aqueous macerate of G. dalenii and D-AP7 were administrated 24, 6 and 1 hour before the test. The values represent means ± SEM (n= 6 mice per group). **p<0.01; ***p<0.001 compare to the negative control group (one way ANOVA followed by Newman-Keuls test).
Discussion
Our results indicate the potential antidepressant properties of the aqueous macerate of G. dalenii. Administration of mice with the aqueous macerate of G. dalenii significantly reduced the immobility time of mice in both the FST and the TST relative to the negative control.
This immobility, referred to as behavioral despair in animals, is believed to reproduce a condition similar to human depression (Steru et al., 1985) . Similar finding have been reported after treatment of mice with classical antidepressant drugs such asimipramine andfluoxetine in the FST and TST (Porsolt et al., 1977; Cryan et al., 2005; Borsini and Meli, 1988) . The role of the aqueous macerate of G. dalenii in the FST and TST is significant and could indicate the antidepressant properties of the aqueous macerate of G. dalenii (Porsolt et al., 1977; Borsini and Meli, 1988) . During the TST, mice are suspended by their tail, struggle and then become immobile. The time taken for mice to become immobile is indicative of depression (Steru et al., 1985) . The aqueous macerate of G. dalenii, NMDA and D-AP7 were administered 24, 5 and 1 hour before the test. The values represent means ± SEM (n= 6 mice per group); ***p<0.001 compare to the negative control group (one way ANOVA followed by Newman-Keuls test).
The aqueous macerate of G. dalenii also showed a stronger antidepressant-like effect than IMI (10 and 30 mg/kg) and fluoxetine (10 mg/kg) in mice during the FST. In addition, the aqueous macerate of G. dalenii showed a similar effect on mice in the TST at a lower dose than in the FST. In the FST, mice forced to swim in a narrow space with no escape will stop swimming after an initial period of vigorous activity and move only when necessary to keep their heads above water. Immobility time is considered to be a measure of depression-like behaviors in mice, as the mice have stopped swimming and given up on finding an escape route (Crawley et al., 1997 Woode et al., 2009 ). The FST is generally considered to be useful for detecting acute antidepressant effects of SSRI and other type of antidepressants including tricyclics, monoamine oxidase inhibitors, and atypicals (Porsolt et al., 1977; Steru et al., 1985) . Moreover it has predictive validity for detecting SSRI effects. Indeed, Yu et al., 2002 and Szewczyk et al., 2009 showed that fluoxetine, an SSRI, significantly reduced the immobility in mice during the FST after acute and chronic administration. So the fact that the aqueous macerate of G. dalenii have showed a stronger antidepressant-like effect than imipramine(10 and 30 mg/kg) and fluoxetine (10 mg/kg) in mice during the FST, showed that the aqueous macerate of G. dalenii may have an antidepressant-like effect.
TST and FST are commonly used techniques to measure depression in mice and to screen potential antidepressant drugs. Many antidepressant drug families have been assessed using the TST and FST, including tricyclics, serotonin-specific reuptake inhibitor, monoamine oxidase inhibitors, and atypicals (Porsolt et al., 1977; Steru et al., 1985) . Several reports have demonstrated that increased mobility time in mice during the FST and TST correlates with increased clinical effects of antidepressant drugs (Willer, 1984; Rosa et al., 2003) . In the data presented here, mice treated with the aqueous macerate of G. dalenii performed significantly better compared to the negative control in both the TST and FST. These results strongly indicate the potential antidepressant properties of the aqueous macerate of G. dalenii.
However, FST and TST have the limitation of, on occasion, producing false positive or negative results. In some studies, drugs known to enhance locomotor activity were found to produce a false positive effect in the FST and TST, whereas drugs that decreased locomotor activity could produce a false negative outcome (Borsini, &Meli, 1988) .To overcome the limitations associated with the FST and TST, we investigated the effect of the aqueous macerate of G. dalenii treatment in mice in Open Field Test (OFT). The OFT is a classic technique used to evaluate locomotor activity and willingness to explore in rodents (Novas et al., 1988; Sousa et al., 2004) .
Our data showed that the antidepressant-like effect of the aqueous macerate of G. dalenii was not due to psychostimulant action, as no alteration in the locomotor activity was observed in mice during the OFT given low doses of the aqueous macerate of G. dalenii (that showed strong antidepressant-like effect) or diazepam (1mg/kg). However, the pyschostimulant cafeine strongly reduced the immobility time of mice during the FST, while significantly increasing the spontaneous locomotor activity during the OFT, showing the difference between antidepressant drugs and psychostimulant drugs. On this basis we can rule out the possibility of a false positive antidepressant-like effect of the aqueous macerate of G. dalenii in FST and TST.
In this study an attempt was also made to investigate the mechanism of the potential antidepressant action of the aqueous macerate of G. dalenii. Several lines of evidence in human and animal studies indicate that glutamate homeostasis and glutamate neurotransmission are deregulated in depressive disorders (Hansen et al., 1983 , 1997) .We found that both the aqueous macerate of G. dalenii (15 and 150 mg/kg) and D-AP7 (100 and 200 mg/kg) significantly decreased the immobility time of mice during the FST. The mechanism behind this finding is not fully understood. However it has been hypothesized that the aqueous macerate of G. dalenii acts as an NMDA receptor antagonist (Maj et al., 1992a) . Our results support this hypothesis in that the aqueous macerate of G. dalenii (15 and 150 mg/kg) significantly inhibited the immobility time of mice induced by the NMDA (75 mg/kg) when the two drugs were used concomitantly. In addition, the aqueous macerate of G. dalenii was twice as effective as D-AP7 (200 mg/kg) to reduce the immobility time. Moreover, neither the aqueous macerate of G. dalenii (7.5 mg/kg), nor D-AP7 (50 mg/kg) reduced the immobility time of mice during the FST when they were given alone. The co-administration of 50 mg/kg D-AP7 with a subeffective dose of the aqueous macerate of G. dalenii was more effective in reducing the immobility time in mice during the FST than D-AP7 (100 mg/kg) administered alone. Thus the combined treatment of mice with the aqueous macerate of G. dalenii and NMDA receptor antagonists produced a synergistic antidepressant -like effect in the FST. These data suggest that the effect of the aqueous macerate of G. dalenii could be mediated through the interaction with the NMDA system. The co-administration of a subeffective dose of the aqueous macerate of G. dalenii with increasing doses of antidepressant drugs (5 and 10 mg/kg) such as imipramine (serotonin/noradrenaline uptake inhibitor) and fluoxetine (selective serotonin reuptake inhibitors) resulted in synergistic effect. These data suggest that the effect of the aqueous macerate of G. dalenii could be also mediated through the interaction of the aqueous macerate of G. dalenii with serotoninergic/ noradrenergic systems or NMDA system, as previously demonstrated (Trullas& Skolnick The phytochemical characterization of the aqueous macerate of G. dalenii in this study revealed the presence of flavonoids, saponins, tannins and polyphenols. This finding, coupled with recent studies showing that extract containing flavonoids have antidepressant activity in mice in both the FST and TST (Zhang, 2004; Sakakibara et al., 2006) , suggests that the antidepressant effects of the aqueous macerate of G. dalenii might be related to the presence of flavonoids.
In conclusion, the results of this study indicate that the aqueous macerate of G. dalenii possesses antidepressant-like effects in rodent models of depression. This finding is significant and may justify the use of G. dalenii, in traditional medicine. The effect of the aqueous macerate of G. dalenii treatment on mice appeared to be stronger than common antidepressants imipramine and fluoxetine, as well as D-AP7. Our results also indicate that the effect of the aqueous macerate of G. dalenii in FST involves NMDA, serotoninergic and/or noradrenergic systems. However, further studies are needed to confirm and extend these results.
